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(54) Communication method and apparatus 



using a variable modulation scheme 



(57) In a wireless communications protocol, the rate 
of data transmission is varied by changing the modula- 
tion scheme. The modulation scheme may be vaned ac- 
cording to a parameter of the data to be transmitted 
such as the amount of buffered data or a requested 
transmission rate. Alternatively, the power level may be 
kept constant and the modulation scheme varied ac- 
cording to the gain of the receiver. The modulation 
scheme may be indicated by a transmitted code 

The data may be interleaved and formatted into 
bursts of a predetermined length selected from a set of 
data burst lengths. Some of the data burst lengths do 
not correspond to the size of one interleaves but the da- 
ta burst is divided between interleavers of different 
lengths. 
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Description 

[0001] The present invention relates to a communication method and apparatus and parti cularly ™ 

!o a method and apparatus for communication via satellite to mobile terminals, particularly but not exclus.vely to aer 

r^oT'^nTexample of a satellite-based service for communication to aeronautical terminals is the Inmarsat-Aero™ 
sateime IrnuS service, as described for examp.e in 'Inmarsat Aeronautical Mobile Satellite System: internet- 
™* ZtsZ bv J Sengupta IMSC '90, 'Evolution of the INMARSAT Aeronautical System: Service, System and 
BusTes ^nsi^ 

ComTech 11/96. The Inmarsat-Aero™ service supports a packet data mode at informatior , rates cfu t 5 ^Vs^ 
ro0031 The document EP-A-0 327 101 discloses a satellite commun.catjon system with vanable coding rate, .n wh ch 
L tranlmilter incases Z coding rate of transmitted data if more than a specified number of channels are requested 
to bT^mitte?To compensate for the decrease in coding gain, the satellite retransmission power ,s .ncreased^ 

Lnd modules the data for transmission according to a modulation scheme which is vanable so as to vary the t ans^ 
mitted7ate rate The modulation scheme may be varied according to the quantity ofdata to be fransm tted, or accord ng 
T£eZ™To™lMere6 for transmission, or according to the data rate required by an appl.cat.on generating the 

JoToS b «S'the modulation scheme may be varied according to the gain of the receiving terminal, and the 

foTosVTn o 0 nra~ *SE?£S£* continuously and the modulation scheme is = s,v^ed 
according to one or more of the above criteria. In another alternative, the data is transmitted ,n a burst and the same 
iS^tESS of a piuranty of modulation schemes, wherein the set of modulated 

ymbolso^ 

schemes In one example, the schemes comprise at least two of 1 6 QAM, QPSK and BPSK. 

raooS The data may be transmitted sequentially at different data rates in the same frequency channel together w. h 
a JhZhZ T th P data rate used Preferably the data is transmitted at a constant modulation symbol rate, the data 
ratol e n ^^i^J^ moduMon schemes. Preferably, the code is a sequence of modulated 
symbols w^ch ^des" the data transmitted at the indicated rate, to assist with acquisition and demodulation of the 

ST dato^ of a predetermined length selected from one of a set of data burst lengths, corr.pns.ng ,n erieav.ng 
he data of me data burst prior to transmission by means of one or more interieavers, wherein toe size 
more interieavers is selected from a set of interleave sizes fewer in members than the set of data , burst lengths such 
toal each of the data burst lengths not corresponding to one of the interleave s.zes is .nterleaved using two or more 

packet data transmission via satellite in which parameters of the format are selected so as to give a high data rate with 
> a low bit error rate in an aeronautical fading environment. mofh „ H in a ™rri a nr P with 

[00111 Embodiments of the present invention may include apparatus for carrying out a metood ,n accordance w,th 
[he present invention, and/or software designed for carrying out a method in accordance with the present invention 
when loaded and executed on suitable communications equipment. ratamnra tn the accomoanvinq 

[0012] Specific embodiments of the present invention will now be descnbed with reference to the accompany.ng 
5 drawings, in which: 

Fiqure 1 is a diagram showing the main elements of a satellite communication system; 
Figure 2a is a diagram of the functional sections of a transmitter in the system of Figure 1 ; 
Figure 2b is a diagram of the relevant functional sections of a receiver in the system of Figure 1, 
o Figure 3 is a diagram of an encoderfor use in the transmitter of Figure 2a; 

Figure 4 is a diagram of the 16QAM constellation used for modulation .n the transmitter of F.gure 2a, 
Figure 5 is a diagram of the channels used in the system of Figure 1; 
Figure 6 is a diagram of the packet structure of the R channel of Figure 5; 

Figure 7 is a diagram of the packet structure for the T channel of Figure 5 at a data rate of 64 kb,t/s, 

Figure 8 is a diagram of the packet structure for the T channel at a data rate of ^32 kb.tfs 

Figure 9 shows the different interleaver sizes used for different data burst engths ,n the 7 ^channel, and 

Figures 10 to 12 are diagrams of the channel formats for the P channel at data rates of 16, 32 and 64 kb.t/s 

respectively. 
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[0013] As shown in Figure 1, mobile terminal equipment 4 is connected to mm"** I"***" 6 ' 
11 " ■ n aircraft. The mobile terminal equipment 4 sends digital data to the AES 6 for RF 



alobal beam GB convert them to an intermediate frequency, amplify them and retransmit ^ e ^^ d ' ffe ^ nt ^"^ 

I ZZ links the AES 6 to the GES 10, so that signals transmitted by the AES 6 are rece.ved by the GES 10 and 

SerSuringl n a seJ-up 8 signa.s are transmitted and received by the AES 6 in the global beam GB and channel 
[001 6] Dunng can se ; p, » £S 6 js |ocated Transmi ssion and reception of user data then 

TF^NSAT, Se 3 6 , January 1996. pages 15 to 18, published by .nmarsat, the contents of which are included herem 

K;Te GES 10 is connected through a pubiic data netwo* (PDN) 14, such as an ISDN to fixed terminal equip- 
mem 1 18 whichl compatible with the mobi,e terminal equipment 4, together with a suitable interface to the network 

Ji JS* Ffqurela^howTthe S'eSS functional sections of a transmitter section of the AES 6 and the GES 10. The 
wSns^the AES 6 an "he GES 10 are distinct in other respects, but for convenience the same diagram and 
Srence— 

™ nmlnM? For example the MIU 22 may translate ISDN signalling messages to satellite s.gnalling messages 
suited to digital radio frequency transmission." The encoder is shown ,n more detail ,n Figure.3. The J"*P*"* 
frame and symbol timing signals to the portions of the transmitter. 

1002,1 Tr^rj^s n, ,~ 

2rZ?nIg TmcHon. ol » iransmme, portion shown in Figure 2. and the same r.f.renoe numerals are m.refor. 

TheTn^Sn V?££L * interface 20a" and a buffer 20b". A clock 35 provides frame and symbol 
synchronisation signals to the different parts of the receiver. 
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M addars or a»* s i»a-OR gales. W,» i aach cyd. «" ^^3^ « con.ant, d 02 to D4. 

Toronto 30 from ««.«*. o. bits «, ^"^.TermWd pondurtng forma, fo give 
derived from the input bits as follows: 

(d 1 ,q\d 2 ,p 2 )-»(H,IO,Q1,QO) 
I (Jmud.) componan, and foe * Q1. Q0 modulate ft. < ^>»^Uh —v.,, a drco.a, 16QAM 

=foS:^rrro;ro^^ 

between points. 



Q1 



, ■ , r a to<; RPSK and QPSK modulation are used, with the same symbol rate 

[00271 To give lower channel informat.on rates, BPSK ^ QPb Km QpSK moQUlation , only 

are derived from the input bits as follows: 

(d 1 ,q 1 .d 2 ,p 2 )^(l1 1 .Q1 1 .H 2 .Q1 2 ) 
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cycle. The constellation mapping is summarised in Table 2 below: 
Table 2 



[0028] With BPSK. on.y two of the 16QAM constellation points are used with max, m The transmit 

synchroniser 30 outputs only one bit HQ. per output cycle, derived from the >nput b.ts as follows. 

(d 1 , q 1 . d 2 , p 2 ) ^ (I1Q1 1 . HQ1 2 . 11Q1 3 . l1Ql4 ) 
where the superscripts indicate input and output cycles respectively. The constellation mapping is summarised in Tab.e 



11, Q1 


I 


Q 


1 


3D/2 


3D/2 


0 


-3D/2 


-3D/2 



QPSK and BPSK demodulation. communication between the fixed terminal 

sxszzzzzz^zzzsxxs :r: — 

channel T carries user messages in reserved TDMA slots. . . . - - - 



[0032] The R channel is a s.otted-aloha random access channe. which conveys short blocks of 152 information bits, 
with a packet structure shown in Figure 6 and parameters summanzed below ,n Table 4. 

Table 4 



Data Rate 


8 kbit/s 


Coding/Modulation 


Rate 1/2 turbo coded QPSK 


Symbol Rate 


8 ksym/s 


Data Frame Length 


1 extended SU(152 Bits) 


Overhead 


0 bits 


Interleaver size 


152 bits 


Unique Word (UW) length 


64 Symbols 


Burst length 


216 Symbols 


Slot Length 


62.5 ms 
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Table 4 (continued) 



ZD 



100331 In the R channel a unique word (UW) is transmitted with every packet to help maintain synchronisation, in 
one Impl^e va'e of the UW is Hex 1 0A6A9C6BA0CFC91; each bit corresponds to one BPSK symboi. 

T Channel 

E==S=S£=E3=ES£SS£ 

and the channel parameters are summarised below in Table 5: 



Data Rate 


32 kbit/s 


64 kbit/s 


Coding/Modulation 


Rate % turbo coded QPSK 


Rate % turbo coded 16QAM 


Symbol Rate 


33.6 ksym/s 


33.6 ksym/s 


Data Frame Length 


3, 7, 11 or 15 SU 


3,7,11,15,19,23,27 or 31 SU 


Overhead 


1 SU (96 bits) 


I SU (96 bits) 


Unique Word Length 


80 Symbols 


80 Symbols 


Interleaver Size 


384, 768, 1536 


384, 768, 1536, 3072 


Pilot Symbol (PS) Insertion Rate 


1 in 16 


1 in 16 



n « hi irct ic r>aHd»H with null data. ... ... n n 



SETS LXtt™~Ud -» o, « ,—r, 29. on, y ,.ur d«,.ren, - 

^^^d^SfLr d».n, ]n««v* *» provides a aood comp,o m i» berwe.r, .mpro—n 
— J: :„ ^ r u/actfiri in transmittina null padding data. _ .... „_ _ 



separate diocks. ine cnoioe ui iuui ^...— w 

coding gain and power wasted in transmitting null padding data. 

[0038] In order to reserve slots in the T channel, the AES 6 sends a reques, . >■ - - - ^ ■- 
wolds for transmission at the beginning of the burst. Thus, the T channe. may contain transmiss.ons at 32 kbit/s 

transmit power level, only 32 kbit/s transmission can be used. 
P Channel 

are summarised below in Table 6: 
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Nominal Information Rate (kbit/s) 


64 


32 


— 


No. of Information SUs / frame 


336 


168 


— 


No. overhead bits / frame 


144 or 64 


72 or 32 


36 or 


Total bits/frame 


32400 


16200 




Interleaver Size 


16200 


8100 


Tuio" 


Turbo Code Rate 




% 




Modulation Type 


16 QAM 


QPSK 


BPSK 


No coded symbols/frame 


16200 


16200 


16200 


PS insertion rate 


1 every 29 


1 every 29 


1 every 29 


PS symbols/frame 


560 


560 


560 


UW length 


40 or 80 


40 or 80 


40 or 80 


Total symbols/frame 


16800 


16800 


16800 


Modulation Symbol Rate (ksym/s) 


33.6 I 33.6 


33.6 



KSJ.S :The UW?nd,i»f;.S, « so M « AES 6 can „l.c. the appropr,*. d—.on and 
. JS ■ »„, tK= <rom 0 hofnrfi the data svmbols are received. 



mmmmwm^ 

. <.!_' rayskiinn the mn-ent frame has a low-gain or high-gain antenna. 



In this variant, the power level of the H cnannei is kb P i « ™.~ - 

and QPSK at equal power leve!s is at least 5 dB. thus compensating for the d.fference m antenna ga.ns. 
[0046] TheGESlLayalsorecognisetemVinalsha^ 

„ , t : i„ >./iroioec terrestrial communications. 



cations system .aspeuaui u 10 h 1 

by a suitably programmed digital signal processor (DSP). 
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1 A method of transmitting data over a wireless link, comprising: Hlllata( , Hate over 

modulating the data according to a variable modulation scheme and transm.tt.ng ^ "^ ul ^ ™ 
the wireless link wherein the rate of data transmission over the wireless link var.es according to the modulat.on 
SSS Z To^e* data is transmitted together with a ^^^^^ ** 
and the modulation scheme is varied according to a parameter of the data to be transm.tted. 

2. A method as claimed in claim 1 , wherein the parameter comprises the quantity of said data stored in a buffer 
prior to transmission. 

3. A method as claimed in claim 1 , wherein the parameter comprises a requested data rate for the transmission, 
^^gt^^ 

the wifeless link wherein the rate of data transmission over the wireless link var.es accord.ng to the modulat.on 

schemeand^ 

to which the data is transmitted. 

5. A method as claimed in claim 4, wherein the modu.ated data is transmitted together with a code indicating the 
data rate used for transmission. 

6. A method as claimed in claim 4 or claim 5, wherein the power level of the transmission is constant as the 
modulation scheme varies. 

7. A method as claimed in any preceding claim, wherein the data is transmitted continuously and the modulation 
scheme is continuously varied. 

8. A method as claimed in any one of claims 1 to 3, wherein the data is transmitted as a burst and the modulation 
scheme is selected prior to transmission according to the parameter. 

9. A method as claimed in claim 8, whe^ 

10. A method as claimed in claim 8 or claim 9, wherein the data bursts are of variable length. 

11 A method as claimed in any one of claims 1 to 3 and 8 to 10, wherein the power level of the transmission is 
varied Arcing to 2 selected" modulation scheme such that a higher data rate is transmitted at a h.gher power 
level. - - - 

12. A method as claimed in any preceding claim, wherein the variable modu .ation ^^^Tc^mest a 
of different modulation schemes, wherein the set of modulated symbols of one of the modulat.on schemes is a 
subset of the set of modulated symbols of another one of said modulation schemes. 

13. A method as claimed in claim 12, wherein the schemes comprise at least two of 16QAM, QPSK and BPSK. 

14 A method as claimed in any preceding claim, wherein the data is modulated and transmitted at a constant 
modulaTon symbol rate and them'odu, ation scheme of the data is varied so as to determine the data rate. 

1 5. A method as claimed in any preceding claim, wherein the code comprises a sequence of modulation symbols 
which precedes the data at the indicated data rate. 

16. A method of transmitting a data burst over a wireless link, comprising: 

seating 9 froTa determined set of burst lengths the smallest burst length sufficient to transmit the data 

seating from a predetermined set of inter.eaver sizes one or more interleave sizes collectively having a 
capacity corresponding to the selected burst length, wherein the number of interleaver sizes ,s sma.ler than 
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the number of burst lengths; . 
interleaving the data block using the selected one or more interleaver sizes and 
transmitting the interleaved data block as a burst having the selected burst length. 

17 A method as claimed in claim 16, wherein if the selected burst length does not correspond to one of the 
ntertave sLs a p Sty of interleaver sizes are se.ected, the sum of which corresponds to the bur. length. 
mfdarbLcMs divided into sub-blocks corresponding respectively to the selected interleaver sizes and the sub- 
blocks are interleaved using the respective selected interleaver sizes. 

18. A method as claimed in claim 16 or claim 17, wherein the difference between the selected burst length and 
the data block size is made up of padding bits. 

19. A method as claimed in any one of claims 16 to 18, wherein the set of interleaver ^orn^es a smaUest 
interleaver size and mu.tip.es of the sma.lest interteaver size by sequential powers of the number 2. 

19. A method as claimed in any preceding claim, wherein the wireless link comprises a satellite communications 
link. 

20. Apparatus arranged to perform a method as claimed in any preceding claim. 

21 . A wireless communication signal generated by a method as claimed in any one of claims 1 to 19. 

22. A computer program arranged to perform a method as claimed in any one of claims 1 to 19 when executed 
on a processor connected to a suitable transmitter. 
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(54) Communication method and apparatus using a variable modulation scheme 



(57) In a wireless communications protocol, the rate 
of data transmission is varied by changing the modula- 
tion scheme. The modulation scheme may beyaried ac- 
cording to a parameter of the data to be transmitted, 
such as the amount of buffered data or a requested 
transmission rate. Alternatively, the power level may be 
kept constant and the modulation scheme varied ac- 
cording to the gain of the receiver. The modulation 
scheme may be indicated by a transmitted code. 

The data may be interleaved and formatted into 
bursts of a predetermined length selected from a set of 
data burst lengths. Some of the data burst lengths do 
not correspond to the size of one interieaver, but the da- 
ta burst is divided between interleavers of different 
lengths. 
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